ABSTRACT Diadegma semiclausum (Hellé n) (Hymenoptera: Ichneumonidae) is one of the most important biological control agents of the diamondback moth, Plutella xylostella (L.) (Lepidoptera: Plutellidae). Each immature stage of D. semiclausum was studied by dissecting parasitized hosts in the laboratory at 22 Ϯ 1ЊC and 70 Ð75% RH. Results show that the egg is hymenopteriform, lacking appendages. The larvae seem to be hypermetamorphic, with four instars. The pupal period has two distinct phases: 1) phase I, larval-like with remarkable groups of urate cells; and 2) phase II, exarate pupal appearance with a pigmentation sequence of eyes, ocelli, mandibles, thorax, abdomen, and antennae. All stages and sequences are illustrated with detailed photomicrographs.
Diadegma semiclausum Hellén (Hymenoptera: Ichneumonidae) is an important larval endoparasitoid of the diamondback moth, Plutella xylostella (L.) (Lepidoptera: Plutellidae). Research on D. semiclausum has focused on its taxonomy/distribution (Vos 1953 , Rusinov 1977 , Chua and Ooi 1986 , Mustata 1987 , Waterhouse and Norris 1989 , Yang et al. 1993 , and effective biocontrol efforts as a successful biological control agent, producing signiÞcant reductions of P. xylostella populations in southeast Queensland, Australia (Furlong and Zalucki 2007) ; Kenya (Momanyi et al. 2006) ; North Island of New Zealand (Lavandero et al. 2005) ; and China (Liu et al. 2004 , Shi et al. 2004a . Some of its parasitism effects on its natural host larval physiology were reported, such as inhibition of host growth (Li et al. 2005) , evocation of host castration (Cai et al. 2006) , metabolic efÞciency , and reduction of host larval hemocyte count (Huang et al. 2009 ). Further research on the interactions between this parasitoid and its host, especially nutrient absorption by parasitoid larva when it is in the host larval hemocoel, would beneÞt from information on the development of D. semiclausum. Therefore, we conducted an ontogenetic study of D. semiclausum, which includes a detailed and illustrated description of external morphology.
Materials and Methods
A colony of D. semiclausum was established from parasitized P. xylostella larvae collected in gardens in Henan, China. D. semiclausum adults was reared with 10% honey-water solution in an incubator at 22 Ϯ 2ЊC under a photoperiod of 14:10 (L:D) h. Host P. xylostella were reared in a climate-controlled room at 25 Ϯ 2ЊC, high relative humidity, and long-day conditions. P. xylostella larvae were fed on leaves of the Chinese cabbage (Brassica campestris L.), whereas adults were fed with a 20% honey-water solution. After exposure to wasps, the diamondback moth larvae containing the parasitoid eggs were transferred to another container kept at Ϸ22 Ϯ 2ЊC until the adult parasitoids emerged.
For ontogenetic observation, the parasitoid eggs and larvae were dissected out in phosphate-buffered saline (18.6 mM NaH 2 PO 4 ⅐ H 2 O, 84.1 mM NaH 2 PO 4 ⅐ 2H 2 O, and 1.75 M NaCl, pH 7.4). The eggs and embryos were observed under a Leica MZ 16A stereomicroscope, and photographed with a Leica MPS 30 camera system. External images of larvae and pupae were generated using a Leica MZ16 stereomicroscope with an attached digital camera in conjunction with AutoMontage 5.0 software (Synoptics Group, Cambridge, United Kingdom).
Results
Egg. Eggs released from distended oviducts measured Ϸ0.06 by 0.28 mm. Newly formed eggs were homogenous (Fig. 1A) , whereas mature eggs had a greater concentration of protoplasm at the nonmicropyle end (Fig. 1B) . Mature eggs in the ovary were slightly arcuate and cylindrical with a micropyle at the cephalic pole (arrow in Fig. 1B ).
Newly deposited eggs were white and arcuate. They were broader at the cephalic end, which possessed a fan-shaped mass projecting 0.02Ð 0.01 mm beyond the nonmicropylar end ( Fig. 2A) . A smooth coat, outlining the shape of the egg, was thin laterally but thicker at the apices of the egg.
Embryo. Approximately 1.5 h after oviposition, the egg underwent subdivision (Fig. 2BÐD) . A group of cells grew out from both the anterior and posterior poles of the egg and spread over the surface of the embryo, forming a complete serosal membrane. This lasted 6 Ð 8 h and was followed by gastrulation ( Fig.  2E) , which was complete after another 6 Ð 8 h. The embryo then underwent segmentation ( Fig. 2F and G). All of the above-mentioned activities occurred in the embryonic envelope, which remained intact until Þrst larval ecdysis (Figs. 2H and I and 3A) .
Larva. Larva had three thoracic segments, and 10 abdominal segments. In the Þrst three instars, the larvae had a large, sclerotized head with falcate mandibles and a body that tapered posteriorly (Fig. 3AÐ  H) . In the last instar, the larvae were spindle-shaped with pale, translucent integuments (Fig. 3IÐK) .
The Þrst instar was translucent and tapered posteriorly and subdivisions were present in each segment ( Fig. 3A and B) . In the second instar, the tracheal system was visible through the integument for the Þrst time; the gut was visible, and its color turned from white ( Fig. 3C and D) to yellow (Fig. 3E) . Secondinstar larvae were usually surrounded by clusters of host fat bodies. As the larvae developed the subdivisions disappeared ( Fig. 3F and G) . In the third instar, body size increased signiÞcantly and the gut was Þlled with digested host tissue. Simultaneously, the cauda shortened ( Fig. 3H and I ). In the fourth instar, the sclerotized head capsule degenerated; and the cauda was almost undetectable (Fig. 3IÐK) . In the fourth, and last, instar parasitoid larvae consumed all the organs and tissues of the host except the cuticle.
Pupa. Approximately 8 Ð11 d after oviposition the Þnal instar larva began to spin a cocoon that consisted of two layers. The inner layer was a thin membrane that was homogenous in color and thickness and somewhat translucent, whereas the outer was a loose Þ-brous network (Fig. 4A) .
D. semiclausum pass through a prepupal and a pupal phase. In the prepupal stage, the parasitoid was sculptured and still had a larva-like shape but with some pupal morphology indicated (Fig. 4) . Figure 4C shows two nummular tubercles on each of the thoracic segments; these developed into legs. Each tubercle was surrounded by a halo-like spot. Simultaneously, halolike spots of another type, which indicate wing origins, were present on the sides of the second and the third thoracic segments. White granulate clusters were present ventrally from the second to the penultimate abdominal segments (Fig. 4C) . Later in the prepupal phase, the translucent body became turbid, the yellow gut became brown, and the white granules expanded (Fig. 4DÐF) . The compound eyes, and consequently the ocelli, then became pigmented (Fig. 4G) .
At the same time that the larva voided the meconium (Fig. 4G) , a white equator on the membranous cocoon appeared (Fig. 4H) , which is an external in- dication that the prepupal phase ended. The pupa was of a typical exarate form with all appendages visible (Fig. 5 ). There were clear signs of development during the pupal stage. Initially, only eyes and ocelli were pigmented, the antennae were shorter than the body, and the white granules shown in the larval phase were still detectable ( Fig. 5A and F, K) . The antennae then elongated, the color of eyes darkened, and the white granules dissolved (Fig. 5B and G, L) . At the same time the mandibles and mesoscutum became pigmented and pigmentation of the remainder of the thorax followed ( Fig. 5C and H, M) . Next, the petiole and legs became pigmented (Fig. 5D and I, N) . The last body parts to become pigmented were the postabdomen and antennae (Fig. 5E and J, O) . It was also at this Þnal stage of pupal development that the veins and setae of the wings became visible (Fig. 5J) . A parasitoid in this condition was presumed to be ready for eclosion. Vos (1953) reported that D. semiclausum took 10 Ð12 d to from embryo initiation to pupation, and Ooi (1980) suggested 6.5Ð7 d, and in our research, the period was 8 Ð11 d. It is presumed that the differences are because of different experimental conditions. Two functional types of the chorion that surrounds mature eggs have been described for parasitic wasps by Flanders (1942) , anydropic and hydropic. Anhydropic eggs have enough yolk for subsequent embry- onic development, whereas hydropic eggs do not and absorb nutrients from the host through the chorion (Ferkovich and Dillard 1986) . Once laid inside the host, hydropic eggs usually swell greatly over a period of hours to days (Quicke 1997) . In our study, it was found that when the egg was laid inside the host after Ϸ1Ð1.5 h, length measurements (micropyle end to nonmicropyle end), as ratios, increased from 1.13 Ϯ 0.01 to 1.67 Ϯ 0.03. Swelling also was observed in the hydropic egg of Praon palitans Muesebeck (Hymenoptera: Braconidae) (Schlinger and Hall 1960) , Cotesia vestalis (Haliday) (Hymenoptera: Braconidae) (Yu et al. 2008) , and Opius caricivorae Fischer (Xu et al. 2007 ). Additionally, King et al. (1969) described that the hydropic chorion of the micorgastrine braconid Cotesia glomerata (L.) (ϭApanteles glomeratus) was reduced in thickness and complexity compared with the anhydropic chorion of the pteromalid Nasonia vitripennis (Walker). The evidence suggests that the egg of D. semiclausum is hydropic. Moreover, eggs of D. semiclausum do not have any features on the surface such as spinules, as in species of Eurytoma (Arthur 1961) , or protuberances, as in Cardiochiles nigriceps Viereck (Davies and Vinson 1986) , and other species surveyed by Hagen (1964) . The usual number of larval instars in Ichneumonoidea seems to be Þve (He et al. 1996) . However, many groups display a reduced number. In this study, four larval instars were recognizable, which is consistent with the results of Vos (1953) and Ooi (1980) . Hagen (1964) suggested that reduced instar number might be more common in endoparasitoids.
Discussion
Hypermetamorphosis, wherein specialized early instar forms give rise to more or less uniformly hymenopteriform later instars, has been reported in many endoparasitoids, such as Peristenus digoneutis Loan (Carignan et al. 1995) , O. caricivorae (Xu et al. 2007 ), and C. vestalis (Yu et al. 2008) . D. semiclausum larvae pass through two distinct morphological forms, Þrst caudate-form later vermiform. Compared with the parasitoids mentioned above, D. semiclausum larvae did not have any complicated structures such as sicklelike mandibles or anal vesicles. These two structures have obvious function for larval survival and development in the host (Pennacchio et al. 2001) , and lacking these structures it remains unknown how D. semiclausum defends itself from other parasitoids and how it absorbs nutrients and osmoregulates.
Many parasitic wasps, including nearly all Ichneumonoidea, spin a silken cocoon before pupating. The cocoon comprised several distinct layers, the outer one having a loose network of Þbers, and the innermost a smooth surface of tightly woven Þbers (Quicke 1997) . This two-layer cocoon also occurred in D. semiclausum; however, the inner layer of the cocoon was a fragile membrane instead of the anticipated woven layer.
The succession of pigmentation changes that we observed is similar to that recorded for Chelonus inani- tus (Albert et al. 1994) . The appearance of white granules along the abdominal sides Þrst appeared in the late larval stage and disappeared at the early pupal stage. The same observation was reported for a braconid by Jackson et al. (1978) , who suggested these represent urate cells. They are probably incorporated into the meconium and the timing of their dissolution is consistent with this hypothesis.
